Abstract. In order to obtain migration rules of low permeability coal-bed methane(CBM) in well group combined heat injection mining, a coupled thermal-solid-fluid mathematical models of CBM was established based on theory of heat transfer, elastic mechanics, seepage mechanics and rock mechanics. Combined with the geological parameters of the 3# coal seam of the Shanxi formation, the finite element software was adopted to stimulate seepage rules in the process. The temperature, stress and gas pressure variation were drawn after 10d heat injection, 100d mining in different well grid. The results show that the average velocity of heat transfer is 1.57m/d, and after 10d heat injection, the effective area of heat injection is in the 35m range of central well. With the increase of well number and the decrease of well-bore spacing, the action of well group interference is strengthened, the reservoir pressure drop is more quickly, the gas desorption area is increased and the production of well is promoted significantly in certain production area and mining time. The production of CBM in the 20m well-bore spacing of 7 well is 2.01 times that of the 5 well 30m interval.
Introduction
As a new clean energy, coal bed methane (CBM) has become a hot topic in natural gas exploration in recent years [1] . However the characteristics of high storage and low permeability of coal reservoirs seriously restrict the development of CBM industry. Scholars have conducted a great deal of theoretical and experimental studies on the permeability of low permeability coal reservoirs, adsorption and desorption of CBM and the effect of productivity on the coal seam after heat injection. The heat injection mining of CBM is widely recognized as an effective way to increase production in future [2] . Li Zhi-qiang [3] , Wang [4] , Ma Dong-min [5] , Meng Zhao-peng [6] , Shahtalebi [7] found that the permeability of coal increases exponentially with the increase of temperature and adsorption amount of coal to gas decreases with the increase of temperature through the experimental investigation.Wang [8] , Teng [9] , Slamachi [10] established a numerical simulation method for CBM injection heat production by the idea of thermal fluid solid coupling and the mechanism of increasing production of CBM injection is analyzed.However, it is mostly based on the analysis of single well and the research on the function mechanism of the well group is less. It is more necessary and practical to realize the commercial production of the low permeability reservoir with CBM injection and heat injection.
Control Model

Equation of Deformation Field
The control equation of deformation field for coal seam can be obtained through equilibrium differential equation and strain-displacement equation:
where G is the shera modulus, Pa; λ is the Lame coefficient, Pa; K b is the bulk modulus, Pa;β is the coal thermal expansion coefficient, 1/K; ε V is the body strain.α is the Biot coefficient, which is taken as α=1; p is the pressure of CBM, Pa; δ ij is the Kronecker delta; f i is the body stress, N/m 3 ;ε ij is the strain tensor; u i,j , u j,i is the displacement vector.
Equation of Temperature Field
Consideing the process of heat injection with steam , the energy transfer equation of coal seam is given below:
Where h s is the thermal coefficient of phase transformation, W/(m•K); θ is the hot steam temperature, K;  is the porosity; △q is the coal-bed desorption heat, J/mol; Cu is the adsorption concentration of CBM, kg/m 3 ; v is the gas seepage velocity, m/s;(ρc) eq is the equivalent unit volume specific heat
is the mixed thermal conductivity coefficient of CBM and coal which has the following expression, W/(m•K);
Where, s and f are the subscripts of gas and coal.
Equation of Seepage Field
The seepage field equation can be obtained through the conservation equation of continuity equation mass, Darcy law and state equation of CBM.
Where G is the geometric factor, which is taken as G=1; C is the CBM mass concentration, kg/m 3 , C=C a +C u ; C a is free coal bed methane concentration, kg/m 3 ; k is the permeability, mD; µ is the coefficient of dynamic viscosity of gas, Pa•s; D is the diffusion coefficient of CBM, which is taken as D=1m 2 /s; c f is the gas concentration in fissures, kg/m 3 ,M is the gas molecular weight; R is the universal gas constant; Z is the gas deviation factor.
The Model of Thermal-fluid-solid Coupling
(1) The seepage field of coal seam is affected by stress field and temperature field
The coal permeability has the following expression.
Where k 0 is the initial permeability, mD; m and a are regression coefficients.
(2) The CBM content has the following expression.
Boundary and Initial Conditions
At t=0, the internal temperature of the coal seam is 
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The Results of Numerical Simulation
Well Pattern and Boundary Conditions
The geological parameters of the No.3 coal seam of the Shanxi formation in Lu'an mining area was used as the original data to simulate the process of 5 wells, 7 wells and 9 wells in in-situ heat injection. The coal initial temperature T 0 is 303K, the heat injection temperature θ is 523K, the heat injection pressure p 2 is 4.3MPa, the CBM extraction range is 100m×100m, the wellbore radius is 0.2m, the coal seam original earth stress σ 0 is 6.0MPa, and coal initial pressure p 0 is 2.5MPa, as shown in Figure  1 .Taking the 500m coal sample of No.3 coal seam in Shanxi group, the initial permeability of coal sample is k 0 to 0.23mD, the thermal expansion coefficient β of coal sample is 6.435×10 -6 1/K,the initial porosity 0  is 0.03,the adsorption heat Δq is1.75×10-8J/mol, and the steam convection heat transfer coefficient h s is 12000W/(m·K). Figure 2 shows the coal seam temperature distribution along the AB direction during the heat injection time. It can be seen that the temperature of the coal seam in the AB direction shows a non-linear trend. Figure 3 is a cloud distribution of the stress field of the coal seam during 5 wells heat injection periods of 1d, 5d and 10d. It can be seen that with the increase of injection time, the stress around the wellbore expands outward from the wellbore. Within a range of 0.5m around the wellbore after10d heat injection, the stress field is concentrated and the maximum stress value is 1.484×10 7 Pa. Figure 4 shows pressure funnels with different well density. The CBM pressure in the pressure funnel is rapidly reduced, the gas flow resistance is small and the CBM is produced more fully. In the same production area, the larger the well pattern density, the larger the interference scope of the discharge radii of each well, the pressure drop in the discharge area is superimposed, and the pressure plane forms a large area of "collapse". Figure 5 shows the transient changes in daily gas production at different well pattern densities. In the early stage of drainage, the daily production of different well density is less different and tends to be equal. In the middle of the drainage, the daily output is 5 wells<7 wells<9 wells. Figure 6 shows the cumulative production forecast for different well layouts. The cumulative production of heat injection is higher than general exploitation. Under the condition of 5 wells, the cumulative production of thermal recovery is 27.56% higher than that without thermal recovery. When the well pattern is 7 wells, the well pattern density will continue to increase, and the cumulative production of the wellbore will only increase by 11.71%. The large the number of wellbores, the larger the investment will be. But the increase in gas production will not be enough to balance the cost of the extra wellbore. The 7 wells 20m well spacing for thermal production is 2.01 times the accumulated production of 5 wells with 30m intervals of general exploitation. 
Numerical Simulation Results and Analysis
Conclusions
1)
In the condition of 5 wells, during the process of thermal coal-bed extraction, the smaller the interval between wells, the sooner the inter-well interference occurs, the faster the pressure drop in the coal seam, the greater the pressure gradient and the stronger driving force for gas seepage.
2) The seepage flow speeds up and the production of CBM increases. the reduction in well spacing, increase in well density, enhanced inter-well interference, and increased cumulative CBM production, combined production of wells and heat injection, have effectively increased the cumulative production of CBM.
